Though the energy density of lithium-ion batteries continues to increase, safety issues 13 related with the internal short-circuit and the resulting combustion of highly flammable electrolyte 42 battery separator with superior thermal stability and little compromise on battery performance.
3 of 10 operation could avoid the deposition of solution droplets on the metallic collector. The obtained 95 electrospun fiber network was dried at 60 °C and the thickness of this fiber network was controlled 96 to be around 40 μm.
98
2.3 Characterization
99
The thermal gravimetric analysis (TGA, Netzsch, STA 409 PC) was performed in air at the 100 heating rate of 10 °C min -1 . The morphology and elemental composition of the fiber network were 101 examined by transmission electron microscopy (TEM, Hitachi, HT7700), scanning electron 102 microscopy (SEM, Hitachi, SU-8010) and energy dispersive spectrometer (EDS, Hitachi, SU-8010).
103
To confirm the thermal behavior of the as-prepared separator, PAN@PVDF-HFP core-shell fiber 104 network and PVDF-HFP fiber network were heated in a temperature range from 25 to 250 °C. The 105 electrolyte uptake was measured by soaking the fiber network in 1 M LiPF6 in EC/DEC electrolyte 106 for 10 min, removing the residual electrolyte on the separator surface with air-laid paper and 107 weighing the soaked separator three times to obtain an accurate measurement. The mass gain 108 (average value) was therefore considered as the amount of electrolyte uptake. The contact angles of 109 electrolyte droplets on different separators were studied using contact angle meter (Dataphysics, 110 OCA15Pro).
112

Electrochemical Characterization
113
The LiNi1/3Co1/3Mn1/3O2 (NCM) half-cell was constructed using Li foil as the anode and NCM as 114 the cathode to examine the influence of separators on battery performances. The results were 115 compared between commercial separator and electrospun fiber networks. The NCM cathode was 116 fabricated by mixing NCM powder, carbon black C45 and PVDF (8 wt% PVDF in NMP) with the 117 weight ratio of 8:1:1. The resulting slurry was coated onto Al foil via a doctor-blade and the loading 118 of active materials was controlled at about 3 mg cm -2 . The electrode was then dried in a vacuum oven 119 in air at 120 °C for 24 hours. The CR2032 coin cell was assembled by sandwiching the as-prepared 120 electrospun fiber network adding 80 μL electrolyte (1 M LiPF6 in mixture of EC/DEC with ratio of 1:1 121 by volume) between a piece of NCM cathode disc and a piece of lithium foil disc. Galvanostatic 122 discharge-charge cycling was performed with land system (CT2001A) in a potential range from 2.5 V 123 to 4.2 V at 0.1 C in the first 3 cycles for activation and at 1 C in the following cycles.
125
Results and Discussion
126
The morphology of the as-prepared electrospun core-shell nanofiber (denoted as 127 PAN@PVDF-HFP) is shown in Figure S1 -S2. The diameter of each single fiber ranges from 300 nm to 128 500 nm without showing obvious agglomeration ( Figure S1 ). From the TEM image, the core-shell 129 structure is observed and confirmed ( Figure S2 ). The as-prepared electrospun fiber network 
139 140
The content of PAN in the PAN@PVDF-HFP separator is determined by TGA ( Figure 2a ). Pure
141
PAN powder exhibits a three-step decomposition: the first characteristic weight loss peak is sharp 
193 194
Thermal stability is another significant factor for battery separators to investigate. It is well 
216 217
Furthermore, in order to obtain more details about the above temperature-dependent change of 218 separators during heating process, the morphology of these separators were carefully studied using outer layer gradually melts and shrinks with the increasing temperature, the PAN core serving as 224 skeleton still supports and maintains the entire structure ( Figure S6 ). In comparison, the PVDF-HFP 225 fiber network melts into a viscous fluid which is in accordance with the observations from Figure 3 .
226
In addition, the elemental mapping results shown in Figure S7 before and after thermal treatment 
274
Supplementary Materials: The following are available online. Figure S1 . The SEM image of PAN@PVDF-HFP 275 core-shell fiber network. Figure S2 . The TEM image of two PAN@PVDF-HFP fibers. Figure S3 . 
